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Objective: We prospectively tested the feasibility of achieving total arterial 
revascularization with the use of the radial artery to revascularize the 
circumflex, diagonal, and right coronary arteries combined with a left 
internal thoracic artery graft to the left anterior descending artery and, in 
some cases, a right internal thoracic artery graft to the right coronary 
artery. Methods: In 164 patients, the radial artery was used as a free Y or T 
graft from the left internal thoracic artery. Of 568 grafts (3.5 -+ 1 [standard 
deviation] per patient), 296 (1.8 -- 0.8 per patient) were constructed with 
the radial artery as single grafts or as double, triple, or quadruple 
sequential anastomoses to the circumflex, diagonal, and posterior descend- 
ing arteries. Diltiazem was administered to prevent spasm. Forty-six 
patients underwent coronary angiography before discharge from the hos- 
pital. Follow-up time was 1 to 19 (9.5 -- 6.1) months. Results: Total arterial 
revascularization was achieved in 137 patients (83.5%). Three (1.8%) died 
postoperatively of sepsis, ventricular fibrillation, and heart failure, respec- 
tively. Three (1.8%) had postoperative myocardial infarction. No hand 
ischemia occurred. Angiography showed patency of all arterial conduits. 
Radial artery spasm appeared in 3 (6.5%) of 46 angiograms. Two patients 
(1.2%) died during the follow-up period of pneumonia nd gastrointestinal 
tract bleeding, respectively. No other events or reoperations occurred, and 
95.1% of the patients are free of symptoms. Conclusions: The radial artery, 
as a free Y or T graft from the left internal thoracic artery to the circumflex, 
diagonal, and right coronary arteries, permits total arterial revasculariza- 
tion with excellent patency rates, minimal morbidity and mortality, and no 
need for reoperation. Longer follow-up times are necessary to draw 
definitive conclusions. (J Thorac Cardiovasc Surg 1997;114:911-6) 
C arpentier and associates, 1 in 1973, were the first to use the radial artery as an alternative conduit 
for myocardial revascularization. Its use was then 
abandoned because of the poor results obtained 
during that early experience. 2 Two decades later, 
Acar and coworkers s reported excellent long-term 
results with use of the radial artery in patients 
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undergoing coronary bypass grafting. In addition, 
they showed that some of the conduits in patients 
operated on 16 to 18 years earlier were still patent. 
The most relevant reasons for this success are likely 
to be the use of calcium antagonists to treat radial 
artery spasm, modification of the harvesting tech- 
nique, and cautious manipulation during perfor- 
mance of the anastomoses to thus prevent endothe- 
lial damage. Since then, other authors have reported 
the use of the radial artery and have encouraged its 
use because of the good results obtained. 4-6 
In our institute, we started using the radial artery 
as an alternative conduit instead of the saphenous 
vein in May 1995. In the present prospective study, 
we analyze the results of bypass grafting in patients 
in whom the radial artery was used to revascularize 
the circumflex, diagonal, and right coronary artery 
territories, in combination with one or both internal 
thoracic arteries (ITAs) for the remaining territo- 
911 
9 1 2 Weinschelbaum et al. 
The Journal of Thoracic and 
Cardiovascular Surgery 
December 1997 
Fig. 1. Revascularization f the entire coronary vascular 
tree using the left ITA (LITA) as unique inflow vessel, 
combined with radial artery (RA) grafts. Contrast injected 
through left ITA only. A, Left anterior oblique view. 
RA-CX, Radial artery graft from left ITA to circumflex 
branches; SS, side-to-side anastomosis of the left ITA with 
two segments of the LAD; RA-RCA, radial artery revas- 
cularizing the right coronary artery: note that the radial 
artery is anastomosed end-to-end with a remaining piece 
of left ITA to reach the trunk of this vessel. B, Right 
anterior oblique view in the same patient. A piece of the 
left ITA extending from the radial artery to reach the left 
ITA is indicated by LITA-P. The radial artery emerges 
from the left ITA and revascularizes circumflex (CX) 
branches. 
ries, with the radial  artery emerging as a Y or T 
anastomosis from the left ITA. In addit ion, we 
assessed the feasibil ity of achieving total arterial  
revascularizat ion with use of these conduits. 
Patients and methods 
Between May 1995 and December 1996, a series of 164 
consecutive patients underwent radial artery grafting per- 
formed by the same surgeon in the Institute of Cardiology 
and Cardiovascular Surgery of the Favaloro Foundation 
in Buenos Aires, with a technique in which the radial 
artery was used to revascularize preferably the territories 
supplied by the circumflex artery, the right coronary 
artery, and the diagonal branch of the left anterior 
descending artery (LAD). In all cases, the radial artery 
emerged as a Y or T graft from the left ITA, which was 
always connected to the LAD territory (Fig. 1). There 
were 142 men (86.6%) and 22 women (13.4%) in the 
study. Mean age was 62.1 _+ 9.9 years (range: 37 to 84 
years; 95% confidence interval [CI]: 42.8 to 81.5). Thirty- 
seven patients (22.6%) had an ejection fraction less than 
40%, 22 (13.4%) had a left main trunk lesion, and 8 
(4.9%) were undergoing reoperations. Diabetes mellitus 
was present in 41 patients (25%). Of these, 5 (12.2%) 
received insulin; in 36 (87.8%) the diabetes was controlled 
with oral medication. 
Harvesting technique. The radial artery was harvested 
only from the nondominant forearm. In all cases, a 
duplicate evaluation of the irrigation of the hand was 
made. The first evaluation took place the day before the 
operation by means of the modified Allen test. 7The use of 
the radial artery was discarded when the test result was 
positive, and, to maximize safety, it was also ruled out 
when the result of the test was doubtful. The second 
evaluation was made in the operating room, with the 
radial artery exposed but not yet sectioned. While the 
artery was compressed atits proximal end with two fingers 
of one hand, the artery was emptied in the distal direction 
over approximately 20 cm with two fingers of the other 
hand. Then, the distal compression was removed, and the 
circulatory sufficiency of the palmar arch was assessed by 
observing retrograde arterial repletion. In all cases in 
which this retrograde repletion was abnormal or consid- 
ered inadequate, use of the radial artery was discarded. 
The radial artery was dissected through a skin incision 
starting 2 cm distal to the elbow and ending 3 cm proximal 
to the wrist. Excess removal of surrounding tissue was 
avoided. All collaterals were occluded with the use of 
hemostatic clips. The length thus obtained ranged from 18 
to 20 cm. 
Postoperative treatment. To prevent spasm, diltiazem 
(1 /xg/kg per minute) was infused intraoperatively and 
during the first 24 hours after operation in all patients and 
then given orally at a dosage of 240 rag/day for 6 months. 
Radial artery spasm was considered to exist when a 
transitory ST segment depression of more than 1.5 mm 
that could be reversed by nitroglycerin i fusion appeared 
in the electrocardiographic leads corresponding to the 
territory revascularized with the radial artery or when a 
uniform, significant, nitroglycerin-reversible narrowing of 
the conduit outside th site of anastomosis was evidenced 
during the angiographic study. 
Follow-up. Mean follow-up time was 9.5 ± 6.1 months 
(range 1 to 19 months). In the first 46 patients, a coronary 
angiogram was performed just before hospital discharge 
to assess the patency and angiographic characteristics of 
the radial and ITA grafts. These angiograms consisted 
exclusively of a single injection of contrast media through 
the left ITA and, when indicated, through the right ITA. 
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Statistics. Values are presented as mean plus or minus 
the standard deviation. The 95% CI was calculated. 
Functional class data were compared with an unpaired t 
test. A p value < 0.05 was considered to indicate statisti- 
cally significant differences, 
Results 
Of the original total number of patients in whom 
the present echnique was intended to be used. 26 
(13.6%) had to be excluded, either because of a 
positive or doubtful response to the Allen test (23 
patients, 12.1%) or because of the intraoperative 
observation of insutficient retrograde circulation 
through the palmar arch (3 patients. 1.5%). Results 
in 164 patients are thus reported. 
Number and distr ibution of coronary anastomo- 
ses. A total of 568 g~afts were plated, with a mean 
of 3.5 z 1 per patient (range: 1 to 6: 95% CI: 3.3 to 
3.6). Of these, 296 were done with the radial artery 
(1.8 +_ 0.7 per patient; 95% CI: 1.7 to 1.9), 181 with 
the left ITA (!.1 + 0.5 per patient; 95% CI: 1 to 
1.2), 58 with the right ITA (0.4 + 0.5 per patient; 
95% CI: 0.3 to 0.4), 32 with saphenous vein (0.2 + 
0.5 pe r patient; 95% CI: 0.1 tO 0.3), and the remain- 
ing 1 with the gastroepiploic artery. In 113 patients 
(68.9%) only one ITA was used. This was the left 
ITA in 107 (94.7%) and the right ITA in the 
remaining 6patients (5.3%). In ~49 patients (29.9%), 
both ITAs were used. In 2 patients, neither ITA was 
used: these were the only 2 cases in which the radial 
artery grafts emerged from the aorta (one was 
connected to the LAD and the other to the circum- 
flex artery). The radial artery was used as a single 
graft in 65 patients (39.6%) and as a sequential graft 
in 99 (60.4%). Among the  latter, 2 anastomoses 
were done in 74 patients (74.7%), 3 in 22 (22.2%) 
and 4 in 3 (3%) (Figs. 1, 2, and 3). The sequential 
anastomoses were transverse, diamond-shaped 
anastomoses made with running 8-0 Prolene suture. 
We used this technique because it permits perfor- 
mance of a larger number of anastomoses for any 
given length of the conduit. When used sequentially, 
most of the radial artery grafts were connected to 
the  circumflex territory, followed by the diagonal 
and posterior descending territories (Table I). The 
in situ left ITA was used to revascularize mainly the 
LAD territory, either as a single graft in 124 patients 
(75.6%) or sequentially (to the diagonal Or to an- 
other portion of the LAD) in 26 patients (15.9%). 
The right ITA was generally used to revascularize 
the right coronary artery bed, as an in situ single 
graft. Complete revascularization on the basis of 
Fig. 2. Total arterial revascularization with the left ante- 
rior ITA (LITA) and a triple sequential radial artery graft. 
Contrast is injected through the left ITA only. A, Right 
anterior oblique view of the left ITA graft o the LAD and 
radial artery (R_A) grafts to three circumflex (CX) 
branches. B, Left anterior oblique view obtained in the 
same patient at the same time. 
only arterial conduits was achieved in 137 patients 
(83.5%). 
Fifteen patients underwent an associated proce- 
dure: mitral valve replacement in 5, mitral valve 
repair in 5, carotid endarterectomy in 2, left ventric- 
ular aneurysmectomy in 1, aortic valve replacement 
in 1, and aortic valve decalcification i 1. 
Follow-up. In the 46 patients in whom anglo- 
grams through the left and right ITAs were done 
before discharge, all 222 anastomoses and 172 grafts 
were patent and only 1 graft (0.6%) showed a less 
than 50% narrowing of the lumen. In 3 patients 
(6.5%), a steal phenomenon of the radial artery to 
the distal third of the ITA, with no clinical or 
functional relevance, was observed. Radial artery 
9 1 4 Weinschelbaum et al. 
The Journal of Thoracic and 
Cardiovascular Surgery 
December 1997 
Fig. 3. Total arterial revascularization wi h the left ITA 
(LITA) and a double sequential radial artery (RA) graft. 
Contrast is injected through the LITA only. A, Frontal 
view. The closed arrow pointing right indicates the left ITA. 
The closed arrow pointing left shows the emergence of the 
radial artery from the LITA. The upper open arrow shows 
the LITA-LAD anastomosis, and the lower two open 
arrows show anastomoses of the radial artery with two 
circumflex (CX) branches. B, Right anterior oblique view 
obtained in the same patient at the same time. 
spasm occurred in 3 patients (6.5% of the patients 
who underwent angiographic study). Because none 
of the remaining patients showed electrocardio- 
graphic criteria for spasm, the calculated overall 
incidence of radial artery spasm was 0.8%. 
Postoperative complications are listed in Table II. 
Other than transitory dysesthesia of the hand and 
forearm hematoma (see Table II), no complications 
associated with the harvesting procedure (including 
infection, necrosis, ischemic pain. and motor dys- 
function) were observed. 
Three patients (1.8%) died during the early post- 
operative period: one of septicemia, one of irrevers- 
ible heart failure, and one of ventricular fibrillation. 
During the follow-up period, 2 (1.2%) of 161 pa- 
tients died, one of pneumonia in the second month 
of follow-up and one of massive gastrointestinal 
tract bleeding (perforated uodenal Ulcer) in the 
sixth month of foll0w-up. Of the remaining 159 
patients, 5 (3:8%) are in New York Heart Associa- 
tion functional class I or II and 1 (0.6%) is in 
functional class III or IV (p = 0.0001 with respect to 
preoperative functional c ass II! or IV). The remain- 
ing !56 patients (95.1% of the total population) are 
free of symptoms and the follow-up remains un- 
eventful. No reoperations or coronary angioplasty 
procedures were needed. It should be noted that 
diltiazem administration had to be discontinued in
32 patients (20%) because of undesirable side ef- 
fects (bradycardia, hypotension, heart failure). 
Discussion 
The potential advantages of arterial conduits 
compared with venous grafts in coronary operations 
have resulted in their increasing use with the aim of 
achieving complete myocardial revascularization 
with them. The biologic characteristics of the vascu- 
lar wall account for the b tter patency observed in 
arterial conduits compared with the patency of the 
saphenous vein. With regard to early patency, arte- 
rial conduits, unlike the saphenous vein, do not 
develop remature intimal hyperplasia, unless inap- 
propriate surgical manipulation has occurred. 8'9 
Preventing surgical damage is therefore mandatory. 
It has been shown that the ITA graft to the LAD 
has improved long,term survival not only because of 
a decreased incidence of acute myocardial infarction 
but also because of a lesser need for reoperations a
compared with results after use of the saphenous 
vein.a0, 11 Because of the long-term advantages of
the in situ ITA graft, its use should be almost 
exclusively directed to the most important myocar- 
dial territory, which is generally supplied by the 
LAD. The other arterial conduits should therefore 
be used to revascularize the right coronary, diago- 
nal, and circumflex artery territories. 
Some authors have shown that the use of double 
ITA anastomoses is an alternative that allows ade- 
quate revascuiarization with excellent long-term re- 
sults. 12 This is another reason for the renewed 
interest in the radial artery, among other conduits, 
to achieve complete revascularization with only ar- 
terial vessels. Additionally, the similarity of cross- 
sectional areas between these conduits and that of 
the coronary arteries determines a functional advan- 
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Table I. Sequential radial artery grafts (n = 99) 
Type of sequence Distribution n Percent 
Double CX-CX 33 
DG-CX 20 
CX-DG 13 
PD-CX 3 
CX-PD 1 
DG-PD 1 
RCA-PD 1 
DG-RCA 1 
RCA-MO 1 
Total 74 74.7 
Triple CX-CX-DG 12 
cx-cx-cx 6 
CX-CX-RCA 1 
CX-CX-PD 1 
DG-CX-CX 1 
PD-CX-DG 1 
Total 22 22.2 
Quadruple CX-CX-CX-DG 2 
CX-CX-DG-PD 1 
Total 3 3 
CX. Circumflex: DG, diagonal; PD, posterior descending; RCA. right 
coronary artery; MO. marginal obtuse. 
tage, especially in light of the gross disparity be- 
tween the lumen of the coronary arteries and that of 
the saphenous vein. We should not disregard an- 
other important reason for encouraging total arte- 
rial revascularization: the lower limb complications 
derived from the use of saphenous veins are 
avoided. This, in turn, may result in earlier ambula- 
tion. a shorter hospital stay, and a faster return to 
daily activities. 
The present report shows the feasibility of achiev- 
ing multiple revascularization bycombining the use 
of the radial artery with use of one or both ITAs. 
This is not only because of the length of the conduit 
(18 to 20 cm), but also (and most important) 
because the Y or T anastomosis technique from the 
ITA permits the construction of two to four sequen- 
tial anastomoses in the circumflex, right coronary, 
and diagonal artery territories. Additionally, the Y 
or T anastomosis technique allows placement of the 
radial artery in a hemodynamic condition similar to 
its native situation, that is. in that of a fourth-order 
artery, as has been pointed out by Calafiore and 
associates, s In contrast, when the radial artery is 
anastomosed directly to the aorta, it is exposed not 
only to a higher pressure but also to higher shear 
stress, which, given its histologic characteristics, 
favors the early development of intimal alterations 
leading to obstruction. The accelerated intimal hy- 
perplasia described by Curtis and coworkers 13 in a 
retrospective analysis may be attributed mainly to 
Table II. Postoperative complications 
Complication n Percent 
Acute myocardial infarction 3 1.8 
Atrial fibrillation 32 19.5 
Heart failure 27 16.5 
Intraortic balloon counterpulsation 4 2.4 
Pneumonia 4 2.4 
Mediastinitis 3 1.8 
Transitory dysesthesia of the hand 26 15.9 
Hematoma of th e harvesting site 6 3.7 
focal intimal damage resulting from excess dilation 
during preparation of the conduit, as well as from 
excess removal of the surrounding tissue (skeleton- 
ization). This would provoke a deprivation of vasa 
vasorum and impaired lymphatic drainage, leading 
to ischemia of the conduit. 13 
Given its prominent muscular layer, the radial 
artery is particularly sensitive to mechanical stimuli 
and reacts with spasm. 14 However, in the present 
study, arterial spasm did not represent a serious 
inconvenience. Except for in 3 patients, there were 
no angiographic, electrocardiographic, or clinical 
signs of artery spasm. On the other hand, none of 
the 26 patients in whom diltiazem administration 
had to be discontinued because of its adverse side 
effects had symptoms (or events) compatible with 
spasm. 
An additional advantage of the radial artery with 
respect o other arterial conduits is its easy access 
and availability: in only 15% of the patients did this 
approach ave to be discarded because of a positive 
Allen test result or because of intraoperative obser- 
vation of inadequate supplementary flow through 
the palmar arch. 
The probability of inducing significantly ow myo- 
cardial blood flow may be a potential disadvantage 
of the use of arterial conduits, especially in patients 
with impaired left ventricular function or preexisting 
heart failure. This loss of flow would be the conse- 
quence of vasospasm and of the technical difficulties 
associated with the construction of multiple ITA- 
radial or radial-coronary anast0moses. 9 This was not 
the case in the present series, in which the inci- 
dences of perioperative acute myocardial infarction 
and of intraaortic balloon counterpulsation were 
only 1.8% and 2.4%, respectively. 
It should be noted that the preoperative and 
intraoperative t sts to assess adequate supplemen- 
tary irrigation through the palmar arch were safe 
and reliable, inasmuch as none of the 164 patients 
had at any time during follow-up any symptom or 
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signassociated with ischemia of the hand or forearm 
from which the radial artery was harvested. 
Limitations. An important limitation of our 
study is the shortnes s of the follow-up period, which 
prevents any conclusion about long-term patency of 
these grafts. The most recent data in this regard are 
those of Acar and c011eagues, 15who showed in 50 
cases an 84.5% patency rate at 5.6 years, compared 
wkhan 89.8% rate for the ITA. With regard to 
saphenous vein grafts, Campeau and colleagues 16 
have reported patency rates of 76% at 1 Year, 67% 
at 5 to 7 years, 47% at 10 to 12 years, and 35.7% at 
17 to 23 years. It must be emphasized that although 
the results of Acar and colleagues 15are promising, 
more long-term studies are needed to firmly encour- 
age the use of this technique. 
Conclusions 
The use of the radial artery in combination with 
one or both ITAs permits total arterial myocardial 
revascularization in a great majority of patients, with 
minimal morbidity and mortality in the short term. 
Ischemic omplications of the arm and hand are not 
to be expected if careful preoperative and intraop- 
erative evaluation of sufficient retrograde circula- 
tion through the palmar arch is made. Although the 
rates of patency at 9 months were excellent, longer 
periods of follow-up and the results of other authors 
are mandatory to indicate routine use of the radial 
artery combined with the ITAs in myocardial revas- 
cularization. 
We thank Drs. Alberto Crottogini, Jorge Negroni, and 
Elena Lascano from the Basic Sciences Research Institute 
(Favaloro Foundation) for helping in the preparation of 
the manuscript. 
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